GF-3 satellite with high resolution, large swath, multi-imaging mode, long service life and other characteristics, can achieve allweather and all day monitoring for global land and ocean. It has become the highest resolution satellite system in the world with the C-band multi-polarized synthetic aperture radar (SAR) satellite. However, due to the coherent imaging system, speckle appears in GF-3 SAR images, and it hinders the understanding and interpretation of images seriously. Therefore, the processing of SAR images has big challenges owing to the appearance of speckle. The high-resolution SAR images produced by the GF-3 satellite are rich in information and have obvious feature structures such as points, edges, lines and so on. The traditional filters such as Lee filter and Gamma MAP filter are not appropriate for the GF-3 SAR images since they ignore the structural information of images. In this paper, the structural information detection based filter is constructed, successively including the point target detection in the smallest window, the adaptive windowing method based on regional characteristics, and the most homogeneous sub-window selection. The despeckling experiments on GF-3 SAR images demonstrate that compared with the traditional filters, the proposed structural information detection based filter can well preserve the points, edges and lines as well as smooth the speckle more sufficiently.
INTRODUCTION
Synthetic aperture radar (SAR) achieve high resolution microwave imaging by the synthetic aperture principle. As an active sensor, the synthetic aperture radar has widely applied in many aspects of society. GF-3 is the first Chinese civil c-band SAR launched on 10 August 2016 by China Academy of Space Technology. And it operates in 12 imaging modes with a fine spatial resolution up to 1 m. However, due to the coherent imaging system, speckle appears in GF-3 SAR images, and it hinders the understanding and interpretation of images seriously. Therefore, the research of SAR image speckle suppression is an important part of the SAR image processing [1, 2] . GF-3 SAR images have very useful information such as strong edge, structure information, and point targets. However, the conventional local statistical special filters for SAR images cannot preserve information. The adaptive algorithm used in SAR image reduction is based on local statistical properties. Such as Lee filtering that a linear reduction method is based on the minimum mean square error (MMSE) criterion [3, 4] and Gamma MAP filter which is based on maximum a posterior probability (MAP) criterion [5, 6] . However, these two methods do not distinguish the different types of the current region. So they cannot effectively suppress the speckle in homogeneous region and edge region and cannot effectively preserve the strong edge, structure information, and the point targets.
To solve the problem, in this paper, the structural information detection based filter is constructed, successively including the point target detection in the smallest window, the adaptive windowing method based on regional characteristics [7] , and the most homogeneous sub-window selection [8, 9] .
DATA ANALYSIS OF GF-3 SAR IMAGES
GF-3 satellite is a SAR satellite which has the 12 imaging modes. It can provide users with the long time stable data support services. Fig.1 is a scene of SAR image that is obtained by the GF-3 satellite based on the satellite parameters, image processing and relative radiometric correction. It preserves the amplitude, phase and polarization information. Here is an example of the conversion of a complex image into amplitude and intensity image. 
SPECKLE REDUCTION ALGORITHON BASED ON LOCAL STATISTICAL CHARACTERISTICS
If there is a large number of scatterers in the resolution cell of SAR image, all scatterers are independent and identically distributed, and there is no dominant scatterers. Then we can think that the spots are fully developed. It is generally believed that the fully developed specks are subject to the following multiplicative model [12] :
Where, Y is the observed image, X is the real image, F is the speckle, and it is assumed to be independent from X . For intensity image, F obeys the Gamma distribution of unit mean.
Therefore, the statistical characteristics of real image and observed image have the following relations:
Where, X  is the mean values of real images, cis the mean values of observe images, X C , Y C and F C are the coefficients of variation of real images, observed images and speckle, respectively.
The most representative is the Lee filter based on the MMSE criterion. Its filtering formula is given as follows [13, 14] :
Where, X is the estimation of the real despeckled image. K is a filter weighting factor.
The most representative is the Gamma MAP filter in the MAP based despeckling algorithm. The Gamma MAP filtering formula is as follows [15]:
Where,  is a heterogeneous parameter that describes the degree of inhomogeneous of the real image. For the current region, it calculates the heterogeneity parameters of the real image, and use the non-linear combination of the local mean value and the gray value of the central pixel as the filter output. This is the implementation step of the Gamma MAP filter [5, 16] . There are traditional despeckling based on local statistical characteristics of SAR images，such as Lee filter and Gamma MAP filter. However, they cannot effectively suppress the speckle in homogeneous region and edge region and cannot effectively preserve the strong edge, structure information, and the point targets. So the structural information detection based filter is constructed.
ALGORITHM DESCRIPTION
The structural information detection based filter is used. It is constructed, successively including the point target detection in the smallest window, the adaptive windowing method based on regional characteristics, and the most homogeneous sub-window selection. Firstly, the structural information detection algorithm classifies the local region and directly perseveres the strong edges and structures as well as the point targets. Secondly, the homogeneous region and the weak edge and structure region grow adaptively to obtain appropriate windows. Lastly, the new filtering windows are classified. For the homogeneous region, the averaged filter is directly used. For the edge and structure region, the structure information is detected and the homogeneous sub-window is selected as the final filtering region. Fig 3 shows 
DESPECKLING EXPERIMENT
There are two GF-3 SAR images to do the experiment. Fig 4 shows the GF-3 SAR image, Fig 5 and Fig 6 shows the denoised image using the classical Lee filter method, Gamma MAP filter method, and our method, respectively. It can be seen that the structural information detection based filter can smooth speckle, and preserve the structural information effectively. But the Lee filter and Gamma MAP filter cannot suppresses the speckle sufficiently. Some quantitative measures are provided in Table 1 to evaluate the various despeckling methods. The coefficient of variation (DCV) is an index measuring the capability of edge preserving. If the value of DCV is close to zero, it indicates that the method has better edge preserving. The DCV is given by
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.CONCLUSION
The high-resolution SAR images are rich in information and have visible feature structures such as points, edges, lines and so on. Due to the coherent imaging system, speckle appears in GF-3 SAR images, and it hinders the understanding and interpretation of images seriously. However, The traditional filters not favorable for the GF-3 SAR images. So we used structural information detection based filter. The despeckling experiments on GF-3 SAR images demonstrate that compared with the traditional filters, the used structural information detection based filter can well preserve the points, edges and lines as well as smooth the speckle more sufficiently.
